Introduction
ThePolarspacecraft, in itshighlyellipticalorbitwith anapogee of 9 RE and an inclination angle of 86°provides an excellent opportunity to study the polar cusp at high altitudes. When passing through the polar cusp region near apogee, the Polar spacecraft often enters a region with magnetosheath-like plasma, or the polar cusp, that can be readily identified by a sudden increase of the low-energy plasma density in the data from Hot Plasma Analyzer (Hydra) [Scudder et al., 1995] and Toroidal Imaging Mass-Angle Spectrograph (TIMAS) [Shelley et al., 1995] and an associated diamagnetic magnetic field depression in the magnetic field data (MFE) [Russell et al., 1995] . Zhou et al. [ 1999, 2000] reported the studies on the location and the solar wind control of polar cusp at high altitudes. In this paper, we report a study of the electromagnetic ion cyclotron waves in the polar cusp region as well as in the region adjacent to the cusp observed in the Polar magnetic field data.
In the high latitude region, electromagnetic ion cyclotron waves have been reported in the data from low-altitude polar orbiting spacecraft such as Injun 5 at altitudes less than 3000 km [Gumett and Frank, 1972] , $3-3 between altitudes 800 to 8000 km [Temerin and Lysak, 1984] , ISIS 2 between altitudes 500 to 4000 km [Saito et al., 1987] , and Freja between altitudes 1200 to 1750 km [Erlandson and Zanetti, 1998 ]. The waves were narrow-banded with frequencies between the local proton (H ÷) cyclotron frequency (fcp) and the local He +particle cyclotron frequency ranging from 20 to 400 Hz. They were found only in a narrow range of auroral latitudes in the pre-midnight sector in association with low-energy auroral electron precipitation. At mid altitudes, the electromagnetic ion cyclotron waves were observed in the polar cusp region at -4 RE altitude by OGO 5 [Russell et al., 1971; Scarfet al., 1972; Fredricks and Russell, 1973] and at -2 RE altitude by Viking [Erlandson et al., 1988] . The wave frequencies at higher altitudes were observed in the range between the local H ÷ _e cyclotron frequency and alpha particle H _ cyclotron frequency, 4-7 Hz at OGO 5 and 18 to 27 Hz at Viking. The anisotropies in the electron and ion distributions were suggested as the energy sources for the waves in the cusp [Erlandson et aI., 1988] .
A survey of high-resolution magnetic field data from the Polar spacecraft reveals that the electromagnetic ion cyclotron waves are a permanent feature in the polar cusp. The Polar data extended the observations of cusp electromagnetic ion cyclotron waves to high altitudes -5 to 9 RE.
In this paper, we summarize the characteristics of ion cyclotron waves in the high altitude cusp region as observed in the Polar magnetic field data. We focus on observational aspects; the generation mechanism and plasma instabilities are a topic of future study.
PolarMagnetic FieldData
Russell etal. [1995] [Anderson and Fuselier, 1993; Schwartz et al., 1996] , it is very unlikely that waves in the cusp have propagated from the magnetosheath and then exhibit the control by the local magnetic field strength shown in this plot.
The vertical bars in Figure 1 
Examples of Wavesin theCusp
The May 24, 1996 Cusp Crossing. Figure 2 shows an overview of the high altitude polar cusp crossing on May 24, 1996 (from 0030 to 0440 UT), where the narrow-band waves are observed throughout the passage. During this crossing, the Polar orbit plane was roughly in the noon-midnight meridian plane moving towards high latitudes. In Figure 2 , the top panel shows the magnetic field data and bottom panel shows Hydra electron density and average energy key parameters. The spacecraft crossed the cusp region from the dayside magnetosphere (Bx < 0) to the tail lobe (Bx > 0).
The signatures for the polar cusp are characterized by a depression of the magnetic field strength and an enhancement of low energy plasma density associated with the precipitation of the magnetosheath plasma into the cusp region (-0052 to 0140 UT). When the spacecraft was just equatorward of the cusp and after the spacecraft went into the lobe region poleward of the cusp, there were multiple encounters ofmagnetosheath-like cusp plasma pulses with a magnetic field depression lasting from less than one minutes to a few minutes, probably due to the motion of the polar cusp as well as the unsteady nature of magnetosheath plasma precipitations into the cusp region.
The existence of the waves in the cusp region is evident in the magnetic field data in Figure   2 . We find that the wave properties vary in the same cusp crossing, which is a very common phenomenon in the data surveyed. To illustrate the details, we select several short intervals for a close examination of wave properties. The September 10, 1996 Cusp Crossing. We now show another example of cusp crossing on September 10, 1996. Figure 6 shows the overview of the magnetic field data and Hydra plasma data for the interval of interest. Polar orbit plane was roughly in the noon-midnight meridian plane. The spacecraft moved from high latitudes to low latitudes, i.e., from the tail lobe (Bx > 0) to the cusp region, and then into the dayside magnetosphere (Bx < 0). The crossing of the polar cusp occurred from~0700 to 0915 UT and there were a few short excursions of magnetosheath-like cusp plasma associated with the magnetic field depression before and after the cusp crossing. Again, the narrow band waves are observed in the cusp region and in all intervals with magnetosheath-like cusp plasma pulses and magnetic field depression. In Figure 7 we present three short wave intervals in the field depression region poleward of the polar cusp (a and b) and in the cusp itself(c). It is also evident that the waves have variable frequencies even within a short period of time
In some intervals during this cusp crossing, we have seen co-existence of multiple narrow band waves at different frequencies in the same time. This type of waves with multiple spectral I0 peaksis foundin 17outof 197 cusp passages in the time period surveyed. Figure 8 shows the wave magnetic field data and the power spectrum from 0724:28 to 0725:18 UT on September 10, 1996.
The magnetic field clearly shows the existence of multiple frequencies. The two narrow band spectral peaks occurred at 0.49 Hz (0.51 fcp) and 0.91 Hz (0.96 fcp). The lower frequency peak occurs very close to the local alpha particle (He ++) cyclotron frequency and the higher frequency peak close to the local proton cyclotron frequency. The wave analysis shows that the lower frequency wave propagates at 4°from the background magnetic field and is left-handed polarized with an ellipticity of-0.88. The higher frequency wave propagates at 22°from the background magnetic field and is right-handed polarized with an ellipticity of 0.30. Dual spectral peaks associated with proton and alpha particle cyclotron frequencies have been observed previously in the magnetosheath, but the polarization of the waves is just opposite to the case in this cusp crossing [Anderson and Fuselier, 1993] . This difference in polarization may be additional evidence that waves in the cusp are not those propagating into the cusp from the magnetosheath.
The April 21 _ 1996 Cusp C_ The April 21, 1996 crossing is one of those when the polar cusp was crossed at lowest altitude in the Polar data surveyed. During this crossing, the Polar orbit plane was also near the noon-midnight meridian and the spacecraft crossed the cusp region from high latitudes to low latitudes in the dayside magnetosphere. Figure 9 shows the magnetic field data and Hydra plasma data around the cusp crossing, indicating the polar cusp was seen from -1840 to 1910
UT. The altitude of the spacecraft at cusp crossing is -5 RE. much lower than those in the previous two examples as well as in the majority of the cusp crossings. The waves are found in the higher latitude part of the cusp region. A wave interval is shown in Figure 10 for period from 1844:00 to 1846:30 UT. The presence of waves is evident in the magnetic field data in the top panel of Figure 10 .Thepowerspectra areshownin thebottompanelsofFigure10forperiods(a) 1844:13 [Harvey et al., 1995] to calculate the Poynting flux of the waves. We examined the Poynting flux of the waves from three cusp crossings in 1997 (they are not included in our statistical survey for 1996 data). The electric field data are available at 0.05 or 0.025 s time resolution, depending on the telemetry rate. We averaged them down to the same time resolution of the magnetic field data to calculate the Poynting flux. Figure 11 shows a wave interval from the April 11, 1997 cusp crossing. The electric field data from all three axes are available for this interval. In Figure 11 , we present high-pass filtered magnetic field (_SB) and electric field data (_SE), calculated wave Poynting flux S=SExSB in the direction parallel and perpendicular to the background magnetic field, as well as _E/3B (an estimate of wave phase velocity) for two wave packets observed in the cusp. It is clear that the wave Poynting flux is largely guided by the background magnetic field and pointing downward towards the ionosphere. For both the wave packets, the phase velocity is in the order of 800 kin/s, which is in the same order of Alfven velocity (-980 km/s) estimated from local magnetic field strength (-100 nT) and plasma density (-5 cm3). The weighted wave frequency is 1.17 fcp and the wave is left-handed polarized in the spacecraft with ellipticity of 0.58.
The next two cusp crossings we examined occurred on July 3 and July 31, 1997. During this period of time, the electric field data from one axis is perturbed due to the boom going into the spacecraft shadow twice every spacecraft spin (6 s). Thus this component of the electric field data was set to zero and the electric field data from two axes are used in the calculation. This will mainly cause the GSM Y component of the electric field data (_SEy) to be underestimated. The identification of wave modes and generation mechanisms are topics of our future study.
The polar cusp is an important region to study the plasma instabilities and wave-particle interactions.
Recent observations of plasma in the polar cusp have traced their origins to the magnetosheath [Nishida et ah, 1993; Kremer et ah, 1995] , the magnetospheric boundary layer [Woch and Lundin, 1991 ] and the ionosphere [Thelin et al., 1990; Giles et al., 1994] . Various plasma instabilities have been identified in the cusp region, including those associated with temperature anisotropy [Andre et ah, 1988] , particle beam and ion loss cone [Koskinen et ah, 1988] , and velocity shears [Lakhina, 1990] . In our follow-up study, we will examine the plasma distributions measured by the POLAR Toroidal Imaging Mass-Angle Spectrograph (TIMAS) instrument and perform a kinetic dispersion analysis using observed ion characteristics to understand which instabilities are generating the wave.
Our observations presented above suggest that a search for local plasma instabilities is reasonable. In our initial survey of Polar TIMAS data, we found two types of plasma distributions associated with the waves: (1) counterstreaming ions with entered magnetosheath ions moving downward towards the ionosphere and mirrored ions upward away from the ionosphere; (2) uni-directional magnetosheath ions moving towards the ionosphere. In both cases, the distribution function of entered magnetosheath ions shows temperature anisotropy with T± greater than TH. For a given temperature anisotropy above 1, the plasma tends toward instability as the plasma beta is increased.
Thus, thedepression of the magnetic field (diamagnetic effects) in the cusp effectively increases the plasma beta and may cause the plasma to be unstable. Our future work will concentrate on the local instabilities associated with features in plasma distribution functions.
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